Charge Parity asymmetry in charmless B meson decays is a key issue to be understood. Many theoretical calculations have been performed using short distance factorization approaches which, in general, do not take into account the CPT invariance constraint. For each channel with CP violation there is an equal amount of CP asymmetry in another channel or other channels, with an opposite sign. This happens if these channels are coupled through final state interactions (FSI). In the specific process B → P V , involving one pseudo-scalar and one vector particle in the final state, we argue that the CP asymmetry, inherent from a short distance mechanism, could be suppressed due to the CPT constraint. In this case, we propose a sensitive and practical experimental method to identify even a small CP asymmetry, which provides the values for A CP without the need for an amplitude analysis. This method, if applied directly to data, will enable to extract the CP asymmetry information in a model independent way and check to which extend the suggested suppression due to the CPT constraint is verified. * pmagalhaes@cbpf.br 
I. INTRODUCTION
Direct charge parity (CP) asymmetry in charmless heavy-meson decays is a long and intriguing puzzle that has been widely studied since the seminal BSS paper [1] in the late 70's. The idea, which became the BSS mechanism, is that the CP asymmetry comes from the interference between tree and penguin quark level diagrams owning different weak and strong phases. Nowadays, the most common concept used to compute branching fractions and CP asymmetries of charmless B meson decays is the factorization of the decay amplitude, which was started with the Naive factorization approach (NF) [2] . The breakthrough came in the 80's by the seminal work of Lepage and Brodsky [3] , which was the base to the main frameworks developed to study exclusive heavy meson decays. For the B meson, we recall that those main approaches are: QCD factorization (QCDF) [4] , perturbative QCD (pQCD) [5] and soft-collinear effective theory (SCET) [6] . All of them are based on the factorization of the hadronic matrix elements, changing technically how this is done, i.e., the ordering of the scales involved, treatment of dynamical degrees of freedom and power counting. One example of the factorization approach with dressed hadronic form factors is given in [7] . There is also an alternative framework to factorization which considers the non-perturbative nature of the process based on the flavour SU (3) symmetry [8] .
In general these approaches considered only short distance amplitudes, without taking into account the constraint that CPT invariance imposes on the CP asymmetry at the hadronic level. For a long time, the common belief was that heavy meson B decays would produce many hadronic channels with a homogeneous momenta distribution over the phase space, from the allowed rescattering process to several hadronic channels. These possible FSI, involving two, three or more hadrons, induced the idea that CPT constraints would not be of practical use in charmless B decays [9] . However, the high sample of experimental data, first with BaBar and Belle and then with LHCb, shows that these multi-mesons rescattering processes are not dominant in charmless multi body B decays [10, 11] .
Indeed, inspecting the LHCb data distribution of these decays [12] , one can see that the events are placed basically around the Dalitz plot boards, dominated by low mass resonances.
The fact that charmless three-body B decays populate regions close to the edge of the Dalitz plot, reinforces the idea that those processes are dominated by two-body interactions. In a recent theoretical paper [13] it was shown that these data distribution of charmless three-body B decays is a consequence of the relatively small B meson mass. Following this paper, a homogeneous distribution in the Dalitz plot should be possible only for three-body decays of particles with masses that are more than five times larger than the B meson.
In the large compilation of B charmless processes presented in Ref. [14] , one finds a quite reasonable agreement between theories based on factorization techniques and experimental results available for several branching fractions of B → P P and B → P V decays. However, the same agreement is not seen for the values of CP asymmetries in the same channels [14] .
In fact, there are many discrepancies not only among the different models but also comparing them to the experimental CP asymmetry measurements. This situation is worse for B → P V decays. Nonetheless, it is important to note that there are some issues in these channels for both theoretical and experimental descriptions. In the latter, the processes B → P V are in fact three-body decays and consequently the observables are determined inside the complexity of a three-body phase-space.
In this paper we present a general discussion of the theoretical issues in the B → P V decays, arguing that regardless of the model chosen, the CPT constraint can play a crucial role in suppressing the CP asymmetry in these channels. We also propose a simple model to extract the CP asymmetry from these channels, avoiding the difficulty presented in Dalitz amplitude analyses, normally used to extract the values of A CP in these decays.
II. CPT AND CP ASYMMETRY SUPPRESSION IN B → P V DECAYS
In literature, the theoretical studies for B → P V decays are limited to low mass SU (3) vector particles: ρ(770), K * (890) and φ(1020). Both ρ(770) and K * (892) decays are restricted to one single two-body channel and the branching fraction for their decays are 100%
to ππ and to Kπ, respectively [15] . The case of φ(1020) is slightly different, it decays mainly into KK but it has also a decay involving three pions through the πρ(770) channel with a branching fraction of 15% [15] .
The isobar model, as well as K-matrix and other amplitude analyses, widely used by experimentalists for three-body heavy meson decays, considers the bachelor particle as a simple spectator of the process. In this quasi-two-body process or (2+1) approximation, resonances produced in heavy meson decays do not interact with the third particle. Within this scenario, the CPT constraint in B → P V processes, where
suggests that there is no room to observe CP asymmetry in these channels. There is also the φ(1020) resonance, which could show CP asymmetry, but that does not seem possible due to the low contribution of tree diagrams to decays involving this vector particle. It is worth mentioning that the absence of final state interactions is a hadronic constraint and therefore, the impossibility to observe CP asymmetry in those processes is independent from the relative short distance contribution from tree and penguin diagrams.
There are at least three other possibilities for B → P V decays resulting in inelastic rescattering that can produce CP violation:
(i) rescattering from the pseudoscalar-vector like P V → P X , where X is a new particle or particles.
(ii) The P V final state was not produced promptly but is a result of a rescattered process coming from another two-body decay channel, with the strong transition matrix related with the one in (i) by detailed balance, or time reversal invariance.
(iii) A three-body rescattering including the bachelor particle.
The CPT constraint demands that the total CP asymmetry distributed in different channels or phase-space regions coupled with the strong interaction add to zero. These processes The probability calculation of a light-meson processes (i) or a transition amplitude for
(ii) P V → P X or P V → P X should, in principle, start with the QCD theory, which is much beyond the scope of this work. Nevertheless, a rough estimation of the transition amplitude for a light-meson pair to scatter into a different pair of mesons at the B mass is enough to exclude the importance of the coupling between two-body channels at such energies, as long as unitarity is respected. The off-diagonal S-matrix elements should have a magnitude lower than one due to unitarity. Its modulus square can be interpreted as the probability for the transition between the initial and final channels. Then, our task is to estimate the Lorentz invariant matrix element for the transition matrix associated to the inelastic scattering process.
The naive picture for two-body inelastic collision of two initial mesons is the annihilation of these two hadronic states to a quark-antiquark pair that propagates and recombine pro- According to the above discussion, the damping factor in the off-diagonal S-matrix element corresponding to P V → P X inelastic collision, is estimated as
with α = 3.5. The S-matrix element cannot be larger than 1 due the unitarity constraint.
By choosing the normalization factor as N = Λ 6 = (1.24) 6 in Eq.(1), the maximum value reaches ∼ 0.87, when √ s = 1.08 √ s th . An example for the application of the formula (1) is the s−wave isospin zero ππ → KK cross section, which drops fast and is relevant below √ s ∼ 1.6 GeV [17] . This naive formula is consistent with one of the parametrizations presented in [18] for the inelasticity parameter η(s) = 1 − |S ππ→KK (s)| 2 . Using this simple formula with √ s th = 2 GeV, it results in S P V →P X (m B ) ∼ 0.014, which provides a large suppression of the off-shell amplitude at the B meson mass.
In process (iii), namely a three-body rescattering process, one of the pseudo-scalar meson scatters with the bachelor particle and, therefore, the CP asymmetry, can flow from one region of the three-body phase-space to another. At the amplitude level this one-loop process introduces new complex structures that could affect different partial waves. This effect was studied in the context of the charged D [19] [20] [21] , and the results indicate that it was crucial to explain the observed experimental S-wave phase-shift. It was also shown that it is suppressed by a factor of about 20% with respect to the driving term. If we roughly estimate that it has a dependence on s −1 , then from the D decay to B decay, one has a suppression factor ∼ (1.89/5) 2 giving ∼ 5% for the three-body rescattering contribution with respect to the driving partonic amplitude. Recently, we performed a qualitative study [22] about the importance of FSI rescattering to B
suggesting that the presence of hadronic loops shifts the P-wave phase near the threshold to below zero, and modifies the position of the ρ-meson peak as well as its width, in the Dalitz plot. Basically, the obtained contribution for the effect was a small percentage, but a more refined analysis which also considers the S-wave rescattering is being developed and should be released soon [23] .
However, the amplitude analyses used to extract CP-asymmetry information from the data are model dependent and based on a (2+1) approximation. Thus, there is still room for improvement as will be discussed in the following section. To illustrate the method we begin with a simple situation where
III. MODEL INDEPENDENT METHOD TO EXTRACT
decay (h=π or K) receives contributions only from one vector resonance (V) and a constant nonresonant (NR) amplitude. Generically, one could represent the total amplitudes for B + and B − charge conjugate decays as:
where the F N R is a real and scalar non-resonant amplitude, and δ ± contains both the fixed weak and strong phases. The vector resonance V is described by a Breit-Wigner (BW) 
and Γ V (s ) is the energy dependent relativistic width. The vector amplitude has an additional strong phase, inherent to the BW form, and a spin 1 factor, proportional to cos θ(s ⊥ , s ). The angle θ is defined as the helicity angle between the bachelor and center of mass of the two particles produced by the resonance. For a vector resonance in the s channel, the cosine of helicity angle is given by [24] 
where λ(x, y, z) is the Kallen function and λ(x, y, z)
We investigate the behaviour of cos θ(s ⊥ , s ) for values of s ≈ m 
A formula similar to Eq. (6), but integrated in s ⊥ , was used in [11] to explore different types of CP asymmetries in charmeless three-body B decays. The formula was applied in the fitting of the integrated experimental distributions released by the LHCb experiment [12] .
Here, instead, we propose to look for the distribution on the s ⊥ variable around the resonance mass, i.e., s ≈ m [11] . Concerning the linear term in cos θ, independently of the context it will vanish after integration over the phase-space once it is an odd-function. Therefore, CPT implies that the integration over the phase-space of the first two terms of Eq. (6) must be zero.
The most probable solution is that the coefficients from B + and B − are the same. However, they could also be different and compensate upon integration over the phase-space.
An important product of this method is the possibility of extracting the values of A CP in a direct measurement of the CP asymmetry inherent to the BSS mechanism, within a model independent approach. From the quadratic coefficients of the fit one directly obtains the A CP without needing a model for the amplitude:
The inclusion of one low mass scalar resonance like σ, κ or f 0 (980), does not change the main features of this method. In this case, the charmless three-body B decay amplitudes are given by replacing the NR amplitude for a Breit-Wigner denoted as F BW S . The scalar resonance has an inherent strong phase that will interfere with the vector amplitude. The CP asymmetry considering the scalar resonance results in
Comparing this formula with Eq. (6), one notes that the coefficients related to BSS mechanism are the same and the interference term is also proportional to cos θ(s ⊥ , m 2 V ). Therefore, the amplitudes can be parametrized by the same quadratic function of cos θ(s ⊥ , m 
IV. VIABILITY OF METHOD THROUGH FAST MONTE CARLO SIMULATION
In this section, we apply the previously presented method for the B ± → π ± π + π − decay generated by using Toy Monte Carlo (MC) pseudo-experiments. The samples for these studies were simulated from the results obtained in the BABAR experiment [25] , by fitting the data with an isobar model which includes: the vector resonances ρ(770) and ρ(1450), . It is worth mentioning that the choice of the fitting interval excludes some interference effects. As we have argued before, these effects result from the ρ(770) inference with the crossed channel, which produces an extra CP asymmetry that does not come from the BSS mechanism. Therefore, it is important to exclude these regions.
In short, with this procedure we find A CP = 0.177 ± 0.03 and A CP = 0.0 ± 0.03 for the two cases under study. The results for the fit with the quadratic function are given in Fig. 1 and the values for the quadratic coefficients are summarized in Table I . We do not report linear and constant fit parameters, once they do not add relevant information to the aims of our study.
Besides the simplicity of the method proposed, the results for the Toy MC study are very satisfactory. The values for A CP obtained from the fitting coefficients agree with the correspondent input values within the statistical errors. We also observe that although we restrict our study to a small part of the three-body B phase space, the A CP errors of these samples are competitive with the ones extracted by an amplitude analysis with a similar sample. Thus, our main conclusion is that this method is reliable and easy to be applied to data. It is worth noting that this method has been successful in its purpose, which consists in measuring directly and model independently the A CP in B → P V processes, avoiding the complexity of amplitude analyses for three-body decays. The latter is a tool to access the resonance branching fractions -beyond the reach of our method -providing a complete description of three-body decays once it deals with many other resonance structures and their interferences in a model dependent way. Besides this, both approaches can be complementary. One can see that the method we presented here is very sensitive in detecting interferences in the crossed channel, that are functions of s ⊥ , as we can see in our toy Monte Carlo studies. This feature can be used to investigate the possibility of new high mass resonances in the s ⊥ invariant mass, which can only be confirmed -including their specific properties -through the use of the amplitude analysis technique.
Furthermore, it would be important to investigate the possibility of the rescattering of double charm B decays into light pseudoscalar mesons as proposed by Wolfestein [27] , in order to explain part of the possible dynamics of direct CP violation involving charmless three-body B decays.
